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A STUDY ON THE ANALYSIS AND IMPROVEMENT OF THE ACOUSTIC 
CHARACTERISTICS OF THE MUFFLER IN COMPRESSOR 
Huh Man-Sun·, Mo Jin-Yong", Oh Sang-Kyoung" 
Kim Jung-Rae·, Park Chan-woo·, Kang Heui-Jong" 
Kim Gui-Gwon··, Kim Yoon-Won··· 
"R&D Center, ··compressor R&D Team, ···Rotary Compressor R&D Part 
SAMSUNG ELECTRONICS CO. Ltd., SUWON, KOREA 
ABS1RACT 
In this paper, the acoustic transmission loss( TL) analysis tool for a muffler is developed in both 
test method and FEM analysis. To verify this tool, discharge muffler in a rotary compressor is 
analyzed and compared with test results. 
Applying this method to design of discharge muffler in a rotary compressor, We obtained 2dB(A) 
of noise reduction in the range of lower than 1300Hz. Fwihennore, adopting this technique for a 
suction muffler in a reciprocating compressor, more than lOdB(A) of noise reduction at 500Hz, and in 
total, 4dB(A) of noise reduction is achieved. 
Ai : Muffler inlet port area 
Ao : Muffler outlet port area 
ao : Speerl of sound 
A : Input wave 
B : Reflect wave 
C : Output wave 
L : Resonance length 
fr : Resonance frequency 
Z 1 : Length from muffler inlet to (Xlint 1 
Z 2 : Length from muffler inlet to point 2 
k : wave number 
NOMENCLATURE 
a(/) : Real part of fourier transform of pressure at JX)int 1 
b (f) : Imaginary part of fourier transform of pressure at point 1 
c(f) : Real part of fourier transfonn of pressure at JX)int 2 
d(f) : hnaginary part of fourier transfonn of pressure at point 2 
S AA (f) : Input power spectrum of sound wave at muffler inlet 
Sss(f) : Reflect power sp;rlrurn of sound wave at muffler inlet 
S cdf) : Output power spectrum of sound wave at muffler outlet 
S n (/) : Auto spectrum of sound wave at JX)int 1 
S'Zl(f) : Auto spectrum of sound wave at p:rint 2 
Cdf) : Real part of cross-spectrum between point 1, 2 
Qdf) : Imaginary part of cross-spectrum between point 1, 2 
INTRODUCTION 
In analyzing acoustic characteristics of muffler, plane wave theory and FEM/BEM method using 
four-pole parameter have been used frequently. But, the former method is almost impossible to be 
applied to analyzing a nruffler with complex geometry because of complex wave phenomina. 
FEM;BEM method using four-pole parameter is well suit for analyzing a muffler with complex 
geometry but it requires multiple computer simulations for a muffler with multi-outlet geometry. 
In this study, FEM tool for transmission loss analysis using a two-microphone method is 
developed and compared with test results. We applied this technique to modification of the discharge 
muffler in a rotary compressor and the suction muffler of a reciprocating compressor and developed 
muffler with good noise reducing performance. 
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ANALYSIS OF MUFFLER ACOUSTIC CHARACTERISTICS 
For an estimation of muffler acoustic characteristics, transmission loss( TL) is used in this study. 
TL can be expressed as an equation(!). Physically, TL is the ratio of the acoustic power with the 
incident wave and that of the transmitted wave, and the higher value of TL is, the less sound wave 
is transmitted to the outlets. 
TL = lOlog (1) 
To obtain the TL of equation(!), incident wave(A) and reflected wave(B) at inlet must be 
separated. As shown in Fig.l, we can separate them with two microphones at points 1 and 2. 
Equation(2),(3) express the relations between spectra at points 1, 2 and auto spectra of wave A, B. 
Fig.2 illustrates the test setup of muffler TL. 
SAA (f) [Su + s22- 2Ct2 cos k(Zt- Z2)+2Qt2 sin k(Zt- z2 )]/I 4 sin 2k(Zt - z2)] 
Sss (f) = [Sn + S22- ZC12 cos k(Zt- Zz) -2Qiz sin k(Zl- Z2 ))/[4 sin 2k(ZI - Zz)] 
where, wave number k = 21Cf I ao 
(2) 
(3) 
For FEM analysis, we used general FEM package MSC/NASTRAN. In MSC/NASTRAN 
simulation, Su(f}, S22(f), Cdf) and Qdf) can be obtained as follows. 
Su (f) = a(/) 2 + b(/) 2 
s22 (f) = c(f) 2 + d(/) 2 
C12(f} = a(f)c(f) + b(f)d(f) 
Qdf) = a(f)d(f)- b(f)c(f) 
MUFFLER MODIFICATION 





Fig.3 illustrates the muffler TL test setup of a rotary compressor. Because there are two 
outlets( Pt, Pz) on the muffler, two horns are needed to make anechoic condition in each outlet and 
TL of each outlet is obtained. Fig.4 illustrates FEM mesh modeling of muffler cavity. Fig.5 shows the 
TL of test and FEM analysis results. We can see that test and analysis results agree relatively well 
below 30CXJHz frequency range. 
To decrease compressor noise level, discharge muffler is modified by enlarging muffler cavity 
volume about 40% and TL obtained by simulation is shown in Fig.6. Almost in all frequency range, 
TL is increased. We applied this modified muffler to a compressor and tested. As shown in Fig.7, we 
could obtain 2dB(A) noise reduction in 300-1300Hz frequency range, because the pressure pulsation in 
muffler inner cavity is dominant below 1300Hz frequency range as shown in Fig.8. 
Suction muffler of a reciprocating compressor 
Fig.9 shows the abnonnal noise level time history of a refrigerator after start-up. As· shown, 
noise level gradually increases from start-up, reaches its peak about 12 minutes after, and slowly 
decreases as time goes. Fig.9 also shows the main cause of this abnormal noise pattern, the noise of 
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500Hz band was found as the main cause of this abnormal noise. After researches, two sources of 
500Hz band noise were found. One is a compressor shell cavity resonance, the other is a compressor 
suction valve flutter noise. Fig.lO illustrates the schematic drawing of a reciprocating compressor. 
To find the cavity resonance of a compressor shell inner cavity, we examined the frequency 
response function(FRF) of that. Fig.ll illustrates schematic drawing of shell inner cavity resonance 
test setup. And as the result of this test, we found the 3rd. mode(shown in Fig.12) of shell inner 
cavity resonance frequency increases as temperature increases and when ao "' 153m/s it resonates with 
8th motor driving frequency(464Hz) as shown in Fig.l3. 
The suction valve noise is generated by suction valve flutter and transmitted through cylinder 
head, suction muffler to shell inner cavity. This valve noise excites . the 3rd. mode of shell inner 
cavity. 
There are two methods to reduce this kinds of noise, one is a modification of a shell inner 
cavity, the other is a modification of a suction muffler. But the former is too difficult and expensive, 
so suction muffler was modified. Suction muffler is mainly designed to reduce suction valve flutter 
noise. Fig.l4(a) shows the original shape of suction muffler and Fig.14(b) shows the modified shape of 
suction muffler. As shown in Fig.15, original and modified muffler is analyzed by FEM analysis. We 
can see that the TL of modified muffler has a peak resonance frequency( fr) about 464Hz and it is 
found this resonance frequency is in relation with length( L) as follows. 
(8) 
Fig.16 shows the test results of suction muffler modification. Fig.l6(a) shows the noise level 
time histories of refrigerator(compressor) with original and modified suction mufflers and Fig.16(b) 
shows noise spectrum. The noise level of 500Hz band is decreased more than lOdB(A) and an 
abnormal noise pattern is vanished. In total, 4dB(A) of noise reduction is achieved. 
CONCLUSIONS 
1. An analysis tool for muffler transmission loss in both FEM and test are developed and it is good 
for estimating the acoustic characteristics of muffler with complex geometry. 
2. 2dB(A) noise reduction below 1300Hz is achieved by the modification of the discharge muffler of a 
rotary compressor. 
3. More than lOdB(A) noise reduction at 500Hz, and in total, 4dB(A) of noise reduction is achieved by 
the modification of the suction muffler of a reciprocating compressor. 
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Fig.ll Cavity test setup 
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Fig.l4 Suction muffler shape 
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Fig.l6 Test results of suction muffler modification 
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